Background: The aim of this cross-sectional study was to examine the association between serum calcium and the components of metabolic syndrome (MetS). Methods: As a part of the national prevention program of diabetes in Finland (FIN-D2D), a randomly selected study population of 4500 middle-aged men and women were recruited from three central hospital district areas. Anthropometric measurements were performed by a trained nurse. An oral glucose tolerance test was performed and serum calcium and lipids were measured. We assessed current medications, physical activity, smoking, alcohol consumption, calcium intake, and vitamin D intake. The MetS was defined according to the criteria of the updated National Education Program. The study population consisted of 2896 individuals: 1396 men (62% of invited individuals) and 1500 women (66.7% of invited individuals). Results: The mean age was 60.3G8.3 years in men and 59.8G8.5 years in women. The prevalence of MetS was 50.7% in women and 55.8% in men. The prevalence of MetS and its components, except high-density lipoprotein (HDL)-cholesterol, increased linearly with increasing serum calcium (P!0.001), even after adjustment for age, physical activity, alcohol, vitamin D intake, calcium intake, and smoking. The threshold value for serum calcium for MetS was 2.50 mmol/l in this population. The association of MetS with total serum calcium was similar even after exclusion of patients treated with hypertensive drugs. The drug treatments for hypertension, dyslipidemia, and diabetes increased in a similar pattern. Conclusions: Serum calcium level is associated with MetS and its components, except HDL-cholesterol.
Introduction
Metabolic syndrome (MetS) is a well-known clustering of multiple cardiovascular risk factors in an individual. The constellation of metabolic abnormalities includes glucose intolerance, insulin resistance, central obesity, dyslipidemia, high triglyceride levels, low high-density (high-density lipoprotein (HDL))-cholesterol levels, and hypertension. All of these variables are well-documented risk factors for cardiovascular disease (CVD). These conditions co-occur in an individual with MetS more often than what could be expected by chance, and they are associated with an increased risk for CVD (1) and type 2 diabetes (2) .
Previous reports have shown that patients with diabetes have elevated serum calcium levels compared with non-diabetic individuals (3) , and this has mainly been linked to impaired insulin sensitivity rather than defective insulin secretion (4) . In diseases with markedly elevated serum calcium, such as primary hyperparathyroidism, there is a two-to four-fold higher prevalence of type 2 diabetes and glucose intolerance compared with the general population (5) . Increased parathyroid hormone (PTH) could stimulate calcium channels to increase calcium influx and the levels of intracellular calcium, which would influence insulin sensitivity and hypertension (6) . Increasing intracellular calcium levels have been shown to decrease the effect of insulin in adipocytes due to reduced number of glucose transporters (GLUT4) and decreased insulin receptor activity (5, 7) . The dietary intake of calcium did not seem to influence insulin sensitivity (4) .
A Swedish 18-year follow-up study found a positive association between all causes of mortality and high levels of serum calcium, especially in men. Inclusion of the serum calcium level increased the predictive value of the traditional risk factors, which suggested an independent mediating mechanism (8) .
Because serum calcium is connected with insulin sensitivity and CVDs, we hypothesized that calcium was associated with the precursor of type 2 diabetes and CVD, namely MetS. Thus, serum calcium would also be associated with the individual components of MetS. We explored this issue in a large population-based study.
Methods

Participants and study design
The FIN-D2D survey was carried out in the hospital districts of Pirkanmaa, the Southern Ostrobothnia, and Central Finland between October and December 2007. A random sample of 4500 subjects aged 45-74 years old, which was stratified according to gender, 10-year age groups (45-54, 55-64, and 65-74 years), and the three geographical areas, was selected from the National Population Register in August 2007. The study participants were invited to a clinical examination by mail. The overall participation rate was 64%. Thus, the study included 2896 individuals: 1396 were men (62% of men invited) and 1500 were women (66.7% of women invited).
The study protocol was approved by the ethics committee of the Hospital District of Helsinki and Uusimaa. All participants gave their written informed consent prior to participation in the study.
The health examination was carried out according to the World Health Organizations (WHO) MONICA project and the WHO Expert Group for glucose assessments. Food consumption over the previous 12 months was assessed with a validated self-administered food frequency questionnaire (FFQ). The participants were asked to estimate the consumption frequencies of 132 food items or mixed dishes listed on the FFQ using ninepoint scale ranging from 'never or seldom' to 'at least 6 times per day' (9) . The portion sizes could be compared with the predefined sizes printed on the questionnaire. The food data were converted into nutrient intakes (e.g. calcium and vitamin D) using the software and the Finnish national food composition database, Fineli, at the National Institute for Health and Welfare.
Alcohol consumption during the past week and the past year was assessed with a self-administered questionnaire. The average daily alcohol consumption (g/day) was calculated from the number of drinks during the past week. The participants were also asked whether they were using lipid-lowering, antihypertensive, or antihyperglycemic medications.
Height, weight, and waist circumference were measured by nurses who were specially trained for the survey procedures. Height was measured to the nearest 0.1 cm, and weight was measured to the nearest 0.1 kg in light clothing. Body mass index (BMI) was calculated as weight (kg) divided by the height squared (m 2 ). Blood pressure (BP) was measured twice, and the latter was used in the analysis, in a sitting position after a minimum of 15 min of acclimatization using a mercury sphygmomanometer.
Laboratory analysis
After an overnight fast, venous blood samples were drawn into a gel tube (containing clot activator) for serum lipid, creatinine, and total calcium assays and a fluoride citrate tube (Venosafe, Terumo Europe, Leuven, Belgium) for the plasma glucose assay. The samples were immediately frozen after separating serum and plasma and transferred to the laboratory in dry ice once a week for analyses. An oral glucose tolerance test was performed in all subjects except for those with previously diagnosed diabetes (either type 1 or type 2).
All assays were performed at the Laboratory of Analytical Biochemistry at the National Public Health Institute, Helsinki (Disease Risk Unit, Institute for Health and Welfare since 2009), using an ARCHITECT ci8200 analyzer (Abbott Laboratories). The laboratory has been accredited by Finnish Accreditation Service (FINAS, Helsinki, Finland) and it fulfills the requirements of the standard SFS-EN ISO/IEC 17025:2005. The scope of accreditation (T077) covers all analyses. Serum concentrations of total cholesterol, HDL-cholesterol, triglycerides, and creatinine were measured with fully enzymatic assays using Abbott ARCHITECT reagents, except creatinine with reagents from Thermo Fisher Scientific (Vantaa, Finland). The glomerular filtration rate was calculated with the Cockcroft-Gault equation. Plasma glucose was determined with a hexokinase method (Abbott Laboratories), and serum total calcium was measured photometrically on an ARCHITECT ci8200 analyzer using an arsenazo III method (Abbott Laboratories).
To ensure standardization of biochemical measurements, the laboratory takes part in Lipid Standardization Program organized by the Centers for Disease Control (CDC, Atlanta, GA, USA) and External Quality Assessment Schemes organized by Labquality (Helsinki, Finland). During the course of the biochemical measurements comprising of 4 months, the precision values between series expressed as coefficient of variation for calcium at the levels 1.57, 2.29, and 3.13 mmol/l were 1.3, 1.4, and 1.1%; for total cholesterol at the levels 4.9, 5.5, and 6.0 mmol/l were 0.8, 0.8, and 0.7%; for HDL-cholesterol at the levels 0.89, 1.22, and 1.70 mmol/l were 2.8, 2.0, and 2.2%; for triglycerides at the levels 0.96, 1.25, and 2.62 mmol/l were 1.2, 1.2, and 0.8%; for glucose at the levels 3.4, 5.6, and 20.4 mmol/l were 1.5, 1.3, and 1.3%; and for creatinine at the levels 67, 77, and 579 mmol/l were 1.9, 2.1, and 1.5%. The systematic error for different reference samples (mean biasGS.D.) was K1.2%G1.0 (nZ4) for calcium 0.7%G0.6 (nZ8) for total cholesterol, K0.1%G1.6 (nZ8) for HDLcholesterol, 0.6%G1.9 (nZ8) for triglycerides, K0.7%G1.4 (nZ4) for glucose, and K0.9%G1.6 (nZ4) for creatinine.
Definition of MetS
MetS was defined according to criteria of the updated National Education Program (NCEP) Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (ATP III) (10). Subjects with three or more of the following components were classified as having MetS: i) central obesity (waist circumference O102 cm in men and O88 cm in women); ii) elevated fasting serum triglycerides (R1.70 mmol/l) or specific treatment for this lipid abnormality; iii) low serum HDLcholesterol (!1.03 mmol/l in men and !1.29 mmol/l in women) or specific treatment for this lipid abnormality; iv) systolic BP R130 mmHg, diastolic BP R85 mmHg or treatment for previously diagnosed hypertension; or v) fasting plasma glucose R5.6 mmol/l or previously diagnosed type 2 diabetes.
Statistical analysis
The results are expressed as meanGS.D. The study population was divided into four groups according to the mean (2.49 mmol/l) GS.D. (0.1 mmol/l) of serum total calcium values (%2.39, 2.40-2.49, 2.50-2.59, R2.60 mmol/l). Statistical significance for the hypotheses of linearity was evaluated by Bootstrap-type ANOVA and logistic regression models with covariates when appropriate. Sensitivity and specificity curves according to the range of serum total calcium with and without MetS are illustrated using a two-graph receiver operating characteristic (ROC). The ROC curves were used for determination of thresholds for the MetS group compared to the group without MetS, and the respective areas under the curve (AUC) were calculated with a biascorrected accelerated bootstrap confidence interval (CI).
The threshold values of plasma serum calcium level with the highest accuracy (sum of sensitivity and specificity) separating subjects with and without MetS were determined from an ROC curve. Differences between the AUC were evaluated using an algorithm by DeLong. STATA 11.1, StataCorp LP (College Station, TX, USA) statistical package was used for the analyses. for women. Table 1 shows that all components of the MetS -except HDL-cholesterol levels -linearly increased with the calcium in both genders. There was a linear trend with increasing calcium and age in women (P!0.001), but not in men (PZ0.28). In men, the daily dietary intake of calcium (P!0.007) and vitamin D (PZ0.023) increased linearly with the serum calcium. However, in women, only dietary intake of vitamin D was statistically significant (PZ0.01). In women, serum glomerular filtration rate decreased linearly with increasing serum total calcium values (PZ0.003), but not in men (PZ0.98). This association was seen in women after excluding hypertensive patients (P!0.001), but not in men (PZ0.64).
In predicting MetS, the sensitivity and specificity curves according to the range of values of serum calcium values are illustrated in Fig. 1B . Areas under the ROC curve were 0.56 (95% CI: 0.54-0.58) for all subjects, 0.58 (0.55-0.61) in women and 0.54 (0.51-0.57) in men. There was no statistical difference between genders. The threshold level of serum calcium for MetS was 2.50 mmol/l. Gender and weight-adjusted area under ROC was 0.55 (95% CI: 0.52-0.59).
The prevalence of the updated NCEP-MetS was 50.7% in women and 55.8% in men. It increased according to the serum calcium in a linear trend (P!0.001), even after adjustment for age, physical activity, alcohol intake, dietary intake of vitamin D, and smoking (Fig. 1) . The drug treatment for hypertension increased linearly in both genders (PZ0.005 for men and P!0.001 for women). The same linear trend was also seen in the drug treatment for dyslipidemia and diabetes in men and women ( Table 2) .
As the use of diuretics may influence serum calcium levels, we excluded all patients on the hypertensive medication (nZ1046), and the results remained conceptually unaltered. The frequencies of MetS according to increasing serum total calcium were 31, 37, 44, and 54% (P!0.001) respectively. The results were in line in both sexes separately (data not shown).
Discussion
This population-based study showed that an increased serum calcium level strongly correlated with MetS, and four of five of its components in both genders (i.e. waist, BP, fasting glucose, 2 h glucose, and triglycerides), even after exclusion of hypertensive patients. Increased serum calcium did not correlate with HDL-cholesterol in males or females. The threshold value of serum total calcium for MetS was 2.50 mmol/l in this population, but the areas under the ROC-curve was only 0.56. Based on the drug treatment, hypertension, dyslipidemia, and diabetes also significantly increased in a linear trend with increasing calcium.
A large Swedish health screening survey performed from the years 1969 to 1970 found that changes in calcium metabolism, even within the physiological range, were related to hypertension, impaired glucose tolerance, and hyperlipidemia (11) . Altered calcium homeostasis correlated with abnormalities of fasting serum glucose, insulin resistance, and b-cell function in the Newfoundland population study, Canada. Interestingly, this relationship remained even after adjustment for 25-OH vitamin D and PTH (12) .
According to a large systematic review, dietary calcium intake or calcium supplements have only shown minimal, if any, cardiovascular effects (13) . The association between vitamin D status and cardiometabolic outcomes is also uncertain. Indeed, 13 observational studies and 18 trials on cardiometabolic outcomes failed to show a clinically significant effect of vitamin D supplementation (14) . In the National Health and Nutrition Examination Survey, however, low levels of vitamin D were associated with higher A1c values in a large non-diabetic adult population (15) . Low levels of vitamin D have also been shown to be associated with insulin resistance (16, 17) and MetS (18) .
Low vitamin D levels stimulate the secretion of PTH, which is a key regulator of mineral metabolism, the homeostasis of calcium, phosphate, vitamin D, and bone turnover. In the Uppsala, Sweden, community-based sample of elderly men, higher plasma levels of PTH were associated with a higher risk for cardiovascular mortality. This association was independent of established cardiovascular risk factors and factors associated with mineral homeostasis in the range of normal serum calcium (2.2-2.6 mmol/l) (19) . Calcium is a versatile intracellular messenger that is used throughout the life cycle of an organism to control diverse biological processes (20) . It has been suggested that diabetes and CVD are linked by a common defect. This defect could be divalent cation metabolism, which could include calcium (21) . The same study group from Uppsala found that PTH correlated with several metabolic factors included in MetS, even within a normocalcemic population (22) . The essential question to investigate is why subjects with MetS have elevated serum calcium levels. Interestingly, the dietary intake of calcium does not appear to differ between individuals with MetS and healthy controls in our study population. However, some studies found that intakes of calcium and dairy products may be associated with lower prevalence of MetS in middle-aged and older women (23) . The suggested negative effect of calcium supply without coadministered vitamin D on CVDs, especially myocardial infarction and stroke, is interesting and needs further studies (24, 25) . The elevated serum calcium levels in individuals with MetS may be the result of elevated intestinal absorption, increased skeletal resorption, renal absorption, or a combination of these factors. All these potential defects are mediated by PTH levels; thus, it is possible that hyperinsulinemia and/or insulin resistance are the key determinants in disturbed PTH-regulation.
A limitation of our study was that we did not measure ionized calcium, but total serum calcium, which might be affected by serum albumin and pH. A recent smaller study from Korea found an association between MetS and serum albumin-corrected calcium levels, and the association was unchanged after adjustment for 25(OH)D and PTH levels (26) . This study consists of a larger population-based cohort with people who did not have acute diseases. Therefore, it is unlikely that deviations in serum albumin seen commonly in clinical study populations would explain these findings. We did not know 25(OH)D 3 -vitamin levels, but we measured the daily dietary intake of calcium and vitamin D. According to literature reviews (13, 14) , 25(OH)D 3 vitamin levels do not play a crucial role in determining serum calcium levels. In our study population, the vitamin D intake was lower than the Finnish National recommendation of 7.5 mg/day for 26% of the men and 46% of the women. It is known that the vitamin D status is generally low among Finnish people living at the northern altitudes. Because a relative deficiency of vitamin D predisposes an individual to low serum calcium levels, it is unlikely that vitamin D levels explain our findings -linking high calcium concentrations to MetS. The correlation between the prevalence of MetS and serum calcium levels was also linear after adjustment for dietary vitamin D intake. Furthermore, obese people require more vitamin D than their leaner counterparts to achieve recommended serum 25(OH)D 3 levels (27) . Thus, if obesity was associated with any form of vitamin D, it would be associated with low 25(OH)D 3 levels. Further limitation of our study is also that calculated calcium intake was solely based on dietary intake. We lack the data on the possible use of the calcium supplements.
The strength of our study was the large populationbased approach randomly selected from three different areas in Finland. Our study population also included both men and women, but the limitation is a crosssectional nature of the study.
Conclusions
The data of this study suggested that serum calcium levels were involved in all components of MetS, except HDLcholesterol. MetS should be taken into consideration when finding and interpreting serum calcium levels.
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